I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The term "metabolic syndrome" is a subject that has received much attention in the recent times, due to increasing awareness of its association with cardiovascular morbidity and mortality. However, it is a concept that dates back to over 5 decades now. Its existence was first observed as clustering of hypertension, hyperglycemia, and gout as described by Kylin in the 1920s. Later, r, Jean Vague in 1947 noted its association with android obesity.\[[@ref1]--[@ref3]\] The effect of hypocaloric, low-carbohydrate diet on obese patients with diabetes, hypercholesterolemia, and hypertriglyceridaemia was later reported by Avogadro, Crepaldi, and co-workers.\[[@ref1][@ref4]\] Other important historical developments include the use of the term "metabolic syndrome" by H. Haller in 1977 to describe the associations of obesity, diabetes mellitus, hyperlipoproteinemia, hyperuricemia, and hepatic steatosis when highlighting the additive effects of risk factors on atherosclerosis.\[[@ref5]\] Singer also in 1977 used the term for associations of obesity, gout, diabetes mellitus, and hypertension with hyperlipoproteinemia.\[[@ref6]\] In 1977 and 1978, Phillips developed the concept that risk factors for myocardial infarction form a "constellation of abnormalities" that is associated not only with heart disease but also with aging, obesity, and other clinical states. These abnormalities included glucose intolerance, hyperinsulinemia, hypercholesterolemia, hypertriglyceridemia, and hypertension.\[[@ref7][@ref8]\] In 1988, in his Banting lecture, Reaven proposed insulin resistance as the underlying factor and named the constellation of abnormalities, Syndrome X.\[[@ref9]\] This however did not include abdominal obesity. The syndrome has been variously called "The Deadly Quartet" by Kaplan and "The Insulin Resistance Syndrome."\[[@ref10][@ref11]\] Notwithstanding the various aforementioned evolutionary nomenclatures, the term "metabolic syndrome" has remained widely accepted, and currently is the term that is in use globally.

D[EFINITION OF]{.smallcaps} M[ETABOLIC]{.smallcaps} S[YNDROME]{.smallcaps} {#sec1-2}
==========================================================================

Metabolic syndrome is a constellation of interrelated risk factors of metabolic origin (metabolic risk factors) that appear to directly promote the development of atherosclerotic cardiovascular disease. The primary components of metabolic syndrome included insulin resistance, obesity, dyslipidemia, and hypertension but with continuing emergence of new facts, the list tends to be growing. The components therefore now include insulin resistance, hyperinsulinemia, central obesity, hypertension, dyslipidemia (increase in plasma triglycerides (TG)), decrease in high density lipoprotein cholesterol (HDL-C), an LDL particle pattern shifted to small dense particles (type B pattern)), procoagulant state (increased plasma fibrinogen, increased plasminogen activator inhibitor-1 (PAI-1)), vascular abnormalities (increase in urinary albumin excretion, endothelial dysfunction), inflammatory markers, and hyperuricemia.\[[@ref12][@ref13]\]

The wide interest generated by this subject has resulted in several definitions being put forward by different expert groups \[[Table 1](#T1){ref-type="table"}\].\[[@ref14]--[@ref16]\] These definitions indicate attempts that have been made to describe the syndrome from various perspectives of the expert groups but despite all these no unified definition has been adopted. The quest to fill this gap for a unified worldwide definition resulted in the definition proposed by the International Diabetes Federation (IDF). This was the outcome of a consensus workshop held from May 12 to 14 2004 in London, UK.\[[@ref1]\] The IDF also realized that there are still some unanswered questions; hence areas for future research to help describe the syndrome better were identified. These areas for future research can be grouped into epidemiologic, clinical, and biochemical characterization.\[[@ref15]\] Due to its continued evolution and other reasons, debate is still ongoing in some quarters about the usefulness of the syndrome.\[[@ref16]\]

###### 

Summary of the diagnostic criteria for the metabolic syndrome as proposed by different expert groups\[[@ref17]\]
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These definitions can be broadly grouped into those which require the measurement of insulin resistance and those which do not. For those which require measurement of insulin resistance, a major drawback is that measurement of insulin resistance by the gold standard method cannot be routinely done. Definitions which can easily be applied in a routine clinic setting and do not require measurement of insulin resistance (NCEP, ACE, and IDF) were shown by Can and Bersot\[[@ref18]\] to be more useful than those requiring measurement of insulin levels (WHO and EGIR) as they identified twice more patients with insulin resistance and increased Framingham risk scores. Recently in conjunction with representatives from the World Heart Federation, International Atherosclerosis Society, and International Association for the Study of Obesity, a revised set of criteria harmonizing the definition of the metabolic syndrome were published.\[[@ref19]\] These "consensus criteria" again included the same five components, but did not designate any component as required. It however still recommended the use of ethnic or country-specific cutoff points for central obesity.

The different definitions were evaluated in a cross-sectional, methodological study of 1568 Turkish nondiabetic subjects and it was found that the agreement between WHO and EGIR definitions was very good (kappa: 0.83) while that between NCEP, ACE, and IDF definitions was substantial to very good (kappa: 0.77-0.84). The agreement between NCEP or ACE or IDF and WHO or EGIR definitions was fair (kappa: 0.32-0.37).\[[@ref18]\]

Several of these definitions have been used by people working among Africans and people of African descent who live among other populations, but none of the expert groups is of African origin. As the awareness of the syndrome and its consequences is fast growing among healthcare professionals, especially at the tertiary healthcare level, there is a great need for large scale research in order to characterize the syndrome further, as IDF proposed, especially in Africans.\[[@ref15]\] Consequently, it may be difficult at this point for consensus opinion to be developed on the definition of metabolic syndrome in Africans. Lack of data applicable to Africans and some other ethnic populations of the world is reflected, for instance, in the nonavailability of ethnic-specific waist circumference cutoff threshold as proposed by the IDF in her definition of metabolic syndrome \[[Table 2](#T2){ref-type="table"}\].\[[@ref15]\] Studies carried out among African populations still utilize the available definitions based on thresholds derived from western populations. The need for research on epidemiology of metabolic syndrome and other cardiometabolic disorders among Africans therefore cannot be overemphasized. Longo-Mbenza *et al*.,\[[@ref20]\] for instance, suggested the inclusion of low birth weight, coronary heart disease, malnutrition, elevated fibrinogen, total cholesterol, and urea nitrogen as additional components of metabolic syndrome in the African patients born between 1930 and 1945.

###### 

Ethnic-specific values for waist circumference according to International Diabetes Federation\[[@ref15]\]
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P[REVALENCE OF]{.smallcaps} M[ETABOLIC]{.smallcaps} S[YNDROME]{.smallcaps} - E[MERGING]{.smallcaps} D[ATA FROM]{.smallcaps} A[FRICA]{.smallcaps} {#sec1-3}
================================================================================================================================================

Africa is a large continent occupied by several nations or ethnic groups. Patterns of diseases in many nations understandably vary by ethnicity because of possible cultural differences.\[[@ref21]\] Several decades ago, the burden of diseases among African populations was from infectious diseases. Cardiovascular disorders were then seen as rare among these populations but today, these nations are witnessing epidemiological transition which has placed on them a double burden of disease. This implies that while infections and infestations are still a major health burden in these countries, noncommunicable diseases have also become a problem.. Early in the century, the point prevalence rate of diabetes mellitus in Africa was 0-1% but today available data show that this is no longer the position.\[[@ref22][@ref23]\] Prevalence trend of diabetes as an example is on the rise when early reports are compared to the IDF estimates (2-5%) and other reported prevalence rates from African countries such as Benin (3%), Mauritania (6%), Cameroon (6.1%), Congo (7.1%), Zimbabwe (10.2%), Democratic Republic of Congo (14.5%), Nigeria (2.2%).\[[@ref24]--[@ref26]\] In most of these studies, diagnosis is based on fasting blood glucose concentration measured using capillary, whole blood, or venous plasma.

Metabolic syndrome is becoming common in Africans too, contrary to the earlier trend of being considered rare.\[[@ref27]--[@ref32]\] The prevalence of metabolic syndrome among a group of hypertensive Nigerians was found to be 34.3% (ATP III), 35% (WHO), and 42.9% (IDF).\[[@ref27]\] These values generally were similar to that which emerged from nondiabetic Turkish adults where the prevalence rates were as follows: 38% (NCEP-ATP III), 42% (ACE and IDF), 20% (EGIR), and 19% (WHO).\[[@ref18]\] These rates favorably compared to those observed in Canada.\[[@ref33]\]

The prevalence of the metabolic syndrome varies between different populations. It is known to be high in developed nations because of increased physical inactivity and consumption of energy-laden foods, which thus lead to high rates of obesity. In the general population, the prevalence of metabolic syndrome is estimated to be between 17% and 25%.When cohorts of subjects already having cardiovascular risk such as hypertension or diabetes are evaluated, it becomes higher as was demonstrated in Caucasians with type 2 diabetes mellitus where the prevalence was 75.6%.\[[@ref28]--[@ref30]\] The increase in the number of people suffering from diabetes and its inclusion in the definition of metabolic syndrome by some expert groups may be responsible for the very high rate seen in diabetic subjects.

The prevalence of metabolic syndrome in African populations ranges from as low as 0% to as high as about 50% or even higher depending on the population setting.\[[@ref31][@ref30]\] The trend is similar to that obtained in developed nations. Some data on characterization of metabolic syndrome among Africans as reported in various literatures are shown in [Table 3](#T3){ref-type="table"}.\[[@ref27][@ref29]--[@ref31][@ref34]--[@ref40]\]

###### 

Prevalence of metabolic syndrome from some African studies
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These studies focused mainly on the prevalence of metabolic syndrome and analyses of its components in different African populations using different criteria. Though the use of different criteria is a limitation on comparison of these findings, they are still informative about the burden of metabolic syndrome in Africans. Reports from Lagos, Nigeria, for instance, showed the prevalence rate of metabolic syndrome as high as over 80% among diabetic patients, similar to rates in Caucasians.\[[@ref28][@ref29]\] The current trend of increase in the prevalence of metabolic syndrome is largely and generally attributed to adoption of western lifestyle which is characterized by reduced physical activity, substitution of the traditional African diet rich in fruits, and vegetables for the more energy-laden foods.\[[@ref32]\]

Prevalence based on settings {#sec2-1}
----------------------------

Comparatively, metabolic syndrome appears to be more common in the presence of diabetes mellitus than hypertension.\[[@ref30][@ref41][@ref42]\] Among diabetic subjects, the prevalence was as high as 80% whereas it was 21.2% among hypertensive subjects but varying with place of domicile (rural or semiurban).\[[@ref28][@ref29][@ref34][@ref35]\] This is likely to be due to the close association of diabetes with insulin resistance, which still remains the pathogenic hallmark of metabolic syndrome.\[[@ref9][@ref43]\] In Africa, metabolic syndrome was found to be more common in females and to increase with age, and urban dwelling.\[[@ref32][@ref35][@ref44]\]

Components of metabolic syndrome {#sec2-2}
--------------------------------

The prevalence of metabolic syndrome varies with the number of components present in an individual. In Nigeria, using the WHO criteria, full blown metabolic syndrome (i.e., presence of all the major components) was found in 25.1% of type 2 diabetic subjects whereas using different combinations of the components the prevalence rate rose to 56%.\[[@ref30]\] No clear trend has been demonstrated in Africans on the pattern and frequency of the metabolic syndrome components. In Cameroon, 1573 adults (638 rural, 935 urban dwellers) aged 24--74 years were studied.\[[@ref31]\] The clustering of the components was assessed using the NCEP-ATP III definition. For two components, the most frequent combinations were central obesity and high blood pressure (81% in women and 52% in men), high blood pressure and hypercholesterolemia (6% in women and 24% in men), high blood pressure and hyperglycemia (6% in women and 12% in men). Two combinations of three components were found, namely central obesity, high blood pressure, high cholesterol, and high blood pressure (100% in women), high blood glucose, high triglycerides. No subject had four components. Central obesity being the most common component in the study was reported to be the key determinant, becoming detected most often in rural and urban dwellers using WHR (WHO) and WC (NCEP/IDF) respectively. Similarly, obesity was also the most common component in Benin where diabetes mellitus and hypertriglyceridemia were noted to be uncommon.\[[@ref45]\]

Dyslipidemia {#sec2-3}
------------

Dyslipidemia has been commonly demonstrated in subjects with metabolic syndrome.\[[@ref30][@ref38][@ref46]\] Reduced HDL-C and hypertriglyceridemia are the two main types of dyslipidemia associated with metabolic syndrome. Dyslipidemia manifesting as reduced HDL-C was extremely common as demonstrated in Nigeria (72.4%, 70%, 88%) and Botswana (80%).\[[@ref30][@ref38][@ref46]\] Hypertriglyceridemia has also been demonstrated to contribute to dyslipidemia in Africans with metabolic syndrome but its contribution seems to be less frequent than reduced HDL-C as demonstrated in Botswana (14%) and Nigeria (Uyo: 17.3%, Lagos: 25%).\[[@ref38][@ref40][@ref46]\] In Cameroon and Cotonou, hypertriglyceridemia was described also as being low or uncommon.\[[@ref31][@ref45]\] This pattern of dyslipidemia varied from the findings in north central Nigeria where a relatively high rate (62%) of raised TG was found.\[[@ref39]\] Though not used in the definition of metabolic syndrome, LDL-C was found to be the most common lipid abnormality followed by reduced HDL-C which occurred in about 60% of the subjects as reported by Ogbera.\[[@ref29]\] There is a great need for dyslipidemia to be addressed because it is becoming common in apparently healthy populations.\[[@ref47]\]

Obesity {#sec2-4}
-------

Obesity is another major component that characterizes metabolic syndrome. Obesity is the accumulation of excess body fat, which manifests as increased weight or waist circumference. It is commonly associated with insulin resistance. The contribution of obesity (generalized or central) to the definition of the metabolic is emphasized by its inclusion by all the expert groups in the definition of metabolic syndrome. The central role of obesity in metabolic syndrome in Africans was demonstrated in the study by Fezeu *et al*. in Cameroon, thus bringing to the fore again, the need for ethnic-specific cutoff values for waist circumference in the people of African descent as suggested by IDF.\[[@ref31]\]

In Cameroon, central obesity determined using WHR (WHR \> 0.9 and 0.85 for males and females respectively) was more common in rural dwellers while that determined using WC (as defined by both NCEP and IDF) was more common in urban dwellers.\[[@ref31]\] In Africans, obesity seems to be more common when WHR is used but in a comparative study of apparently healthy individuals, WC was shown to have a better performance as an index of central obesity.\[[@ref48]--[@ref50]\] Central obesity (32%) defined according WHO classification as WC ≥ 102 cm and ≥ 88 cm for males and females, respectively, was demonstrated to be more common than generalized obesity (18%) (BMI ≥ 30 kg/m^2^) in Cotonou, Benin, while in Gambia using BMI (≥30 kg/m^2^), obesity was also reported to be higher in females with a prevalence rate of 32.8%.\[[@ref45][@ref51]\] Studies from Nigeria, which involved semiurban and rural communities, demonstrated high rates of obesity ranging from about 40% (rural/semiurban communities) to 80% (urban communities).\[[@ref35][@ref30][@ref39]\] These studies defined overweight and obesity using BMI of ≥25 to 29.9 kg/m^2^ and ≥ 30 kg/m^2^, respectively. Central obesity was defined based on IDF criteria\[[@ref35][@ref39]\] and NCEP criteria.\[[@ref30]\]

In Africa it has been observed that unhealthy weight gain (obesity and overweight) and metabolic syndrome are not limited to the adult population. Adolescents and young people are also affected. Metabolic syndrome was found in 7.4% of Egyptian adolescents, with about 25% of them who have different combinations of metabolic syndrome components having full blown (≥3 components) metabolic syndrome.\[[@ref52]\] Obesity in young people is not new in the western world but its presence in the young Africans is a trend that should be a major public health concern. This is because if unchecked the consequences may be grave in the face of inadequate facilities and poverty which many African nations still face today. About 10% of South African women aged between 15 years and 24 years, in the South African Demographic Health Survey (SADHS), were already considered obese.\[[@ref53]\] Similarly, in the Youth Risk Behaviour Survey (n=9 054), conducted in 2002, over 17% of adolescents were overweight while 4.2% were obese.\[[@ref54]\] In Nigeria, a low prevalence of obesity in males at the age of 16 years (0.9-2.7%) and females (0 and 1.9%) was reported by Akinpelu *et al*.\[[@ref55]\] This observation was however low compared with previous report in Nigeria where Akesode and Ajibode\[[@ref56]\] reported a prevalence of 3.2% and 5.1% in males and females respectively while Owa and Adejuyigbe\[[@ref57]\] reported 18% for all children between ages 5 and 15 years. Obesity therefore is becoming a problem of the young in developing nations of Africa.

Dysglycemia {#sec2-5}
-----------

Diabetes mellitus, as already observed, increases the likelihood of developing metabolic syndrome.\[[@ref29]\] This can be attributed to insulin resistance, which is the pathogenic hallmark. DM is no longer rare in Africa and type 2 diabetes accounts for about 90% of cases of DM seen all over Africa, as is observed globally. Though dysglycemia is becoming common, it ranked lowest in few studies in terms of contributing to the components of the syndrome. For instance, in Cameroon, using the NCEP-ATP III definition, impaired glycemia (women: rural, 1.1% and urban, 1.2%; men: rural, 1.2% and urban, 1.2%) was quite uncommon while the WHO definition gave a higher prevalence (women: rural, 6.4% and urban, 3.2%; men: rural, 11.5%, and urban, 6.0%).\[[@ref31]\] In Botswana, 26.7% of subjects had abnormally high fasting blood glucose; being the least after low HDL-C (80%), hypertension (44%), and obesity (42%).\[[@ref38]\] Similarly, among semiurban and rural dwelling Nigerians, hyperglycemia (≥5.6 mmol/l) was found in 13.9%, 10.4%, and 21.2% of all the subjects, nonhypertensives and hypertensive subjects respectively but it was the least frequent of all the components of the syndrome.\[[@ref35]\] Higher occurrence of hyperglycemia among the hypertensive compared to the nonhypertensive population in both semiurban (20.7% vs. 9.6%) and rural communities (23% vs. 12.2%) was noted. This may be evidence in support of insulin resistance being behind the clustering of metabolic syndrome components.\[[@ref58]\] Among the hypertensive subjects attending a tertiary healthcare facility in Nigeria, prediabetes was reported with equal gender proportion of 25% each.\[[@ref59]\] Specifically, 25% and 14% had impaired fasting glycemia (IFG) and impaired glucose tolerance respectively while 6% had both IFG and IGT.\[[@ref59]\]

Hypertension {#sec2-6}
------------

Hypertension is another common component of the metabolic syndrome with diagnostic indications. Hypertension is one of the most common cardiovascular disorders today in Africa.\[[@ref29][@ref30][@ref34][@ref35][@ref40]\] In Botswana, hypertension was found in 44% of the subjects being the second most common component of the syndrome.\[[@ref38]\] The number of people suffering from hypertension is also on the rise as are other noncommunicable diseases. In Nigeria, a survey of the market population, for instance, showed that 42% of the subjects had hypertension, thus representing an about 65% increase when compared to the national survey report of 1997 which gave a national prevalence of 10-15%.\[[@ref25][@ref60]\] There is therefore an increase in the prevalence of hypertension both in rural and urban communities but in Cameroon, the increase was found to have occurred more in rural communities.\[[@ref61]\] The risk of hypertension is however known to increase with long-term urbanization.\[[@ref45][@ref51]\]

This again brings to the fore the role being played by urbanization and epidemiologic transitions in the current upward trend in the number of people being affected by cardiometabolic disorders. As the number of affected people increases, it is worrisome that awareness of the presence of hypertension, its associated risks and compliance with recommended therapies is low in these subjects.\[[@ref60][@ref62]\] In many studies, hypertension was more common in males but higher prevalence in females has been reported.\[[@ref63]--[@ref65]\]

E[PIDEMIOLOGY OF]{.smallcaps} M[ETABOLIC]{.smallcaps} S[YNDROME IN]{.smallcaps} A[FRICA]{.smallcaps} {#sec1-4}
====================================================================================================

Metabolic syndrome and age {#sec2-7}
--------------------------

Metabolic syndrome was initially recognized as an adult disorder because its early descriptions were made in adults and its constituent components are disorders which are seen commonly in adults or are associated with aging.\[[@ref1]--[@ref12]\] The currently emerging data in Africa have mainly been from adult populations (\>20 years) though some studies had involved subjects that were \<20 years.\[[@ref51][@ref62]\] Several workers have observed that the prevalence of metabolic syndrome increases with age.\[[@ref29][@ref31][@ref34][@ref36][@ref39][@ref62]\] Prevalence increased from 11% in subjects aged 20-29 years to 89% in those aged 70-79 years in Nigeria.\[[@ref29]\] Available data suggest that despite the increasing trend in prevalence as age increases, adults who may be classified as middle aged (40-60 years) are predominantly affected \[[Table 4](#T4){ref-type="table"}\]. This is also seen in the mean ages recorded in these studies (not shown).

###### 

Prevalence of metabolic syndrome from some African studies showing the peak age group
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Metabolic syndrome today is not only seen in adults but it is now also beginning to occur in children and adolescents due to the growing obesity epidemic within this young population.\[[@ref66]--[@ref68]\] As a result, the IDF has also developed a consensus definition for identifying this syndrome in the young \[[Table 5](#T5){ref-type="table"}\].\[[@ref69]\] The intention is "to obtain a universally accepted tool which is easy to use for the early diagnosis of metabolic syndrome, in order to take preventive measures before the child or adolescent develops diabetes or cardiovascular disease."\[[@ref69]\]

###### 

The International Diabetes Federation consensus definition of the metabolic syndrome in children and adolescents\[[@ref69]\]
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Approximately 22 million children under the age of 5 years were estimated to be overweight or obese by the World Health Organization (WHO 2004) while according to the International Obesity Task Force (IOTF), at least 10% of school-aged children between 5 and 17 years are overweight or obese.\[[@ref70][@ref71]\] In the United States of America for instance, the rate of overweight and obesity among children and adolescents aged 6-18 years increased from 15% in the 1970s to more than 25% in the 1990s.\[[@ref72]\]

Such increases are not re-stricted to developed coun-tries; many low- and middle-income countries are becoming largely involved. Globally, it is estimated that 17 million of the 22 million children under 5 years live in major economically developing countries.\[[@ref73]\] In China for example, the rate of over-weight and obesity observed in a study of urban school children increased from almost 8% in 1991 to more than 12% after 6 years while in Brazil, the rate of over-weight and obesity among children and adolescents 6-18 years old increased from 4% in the mid-1970s to over 13% in the late 1990s.\[[@ref72]\] A survey among South African undergraduate students revealed that metabolic risk factors were evident in this much younger population (60%) than was commonly expected with gender-specific differences being observed.\[[@ref74]\] This may not be unconnected with the epidemiologic transition being witnessed in many developing nations, with South Africa appearing to be advanced compared to other African nations.\[[@ref75]\] Among Nigerian adolescents, overweight was more common than obesity.\[[@ref55]\] In Egypt, metabolic syndrome was found in 7.4% of 4250 adolescents with nearly 25% having the full components of the syndrome among those with high values of the different components.\[[@ref76]\] The odds of having the syndrome was increased by positive family history of obesity and diabetes mellitus. Similarly, proinflammatory markers were also found to be common in subjects who participated in the study.\[[@ref76]\] In some nations of Africa as well as other developing nations, it has been shown that a high socioeconomic status may be related to positive obesity status.\[[@ref77]\] This observation is in contrast to what is seen in developed nations where high educational status (one of the determinants of socioeconomic status) seems to be protective against metabolic syndrome; this benefit is attributed to potential mechanisms such as exposure to less psychosocial and material stress, better health knowledge, and better health behavior.\[[@ref78]\]

Metabolic syndrome and gender {#sec2-8}
-----------------------------

Gender-specific differences have been demonstrated by different workers. Metabolic syndrome appears to be more common in females \[[Table 6](#T6){ref-type="table"}\] like obesity whereas hypertension appears to be more common in males.\[[@ref36][@ref45][@ref51][@ref74][@ref79]\] The prevalence of metabolic syndrome was only observed to be higher among males from the Jos plateau of Nigeria where the authors noted that the high activity profile of women may have contributed to this observation.\[[@ref39]\] This pattern is at variance with the findings from the north-western Nigeria (Sokoto) where the religious practice of putting the women in *Purdah* makes them sedentary.

###### 

Prevalence of metabolic syndrome from Africa showing some gender patterns and differences
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Age-adjusted prevalence of central obesity (using NCEP-ATP III and IDF definitions, based on waist circumference) was found to be higher in women compared to men and were lower in the rural than the urban areas.\[[@ref31]\] Among Cameroonians, considering those with two components of metabolic syndrome, the most frequent combination was central obesity and high blood pressure, which was more predominant in women than men (81% vs. 52%). Combination of high blood pressure and hypercholesterolemia (24% vs. 6%) and high blood pressure and hyperglycemia (12% vs. 6%) demonstrated male predominance.\[[@ref29]\] In South Africa, greater incidence of risk factors for the metabolic syndrome occurred in males but obesity was more common in females (25% vs. 14%). Both genders had abnormally high mean TG but male predominance appeared to be observed for dyslipidemia.\[[@ref29][@ref42][@ref45]\] Metabolic syndrome was seen to be more common in males in Jos, Nigeria.\[[@ref39]\]

Pathogenesis of metabolic syndrome {#sec2-9}
----------------------------------

Till date, the pathogenesis of metabolic syndrome is yet to be clearly defined. Insulin resistance, which clinically is defined as requiring higher amounts of insulin to maintain euglycemia, is the key mechanism thought to underlie metabolic syndrome.\[[@ref43][@ref58]\] Insulin resistance is believed to be determined not only by environmental factors but also by genetic factors as anchored in the "thrifty gene hypothesis" proposed by Neel.\[[@ref80]\] Other genetic hypothetical models have also been suggested in Africans such as the fetal origins of chronic disease.\[[@ref81]\] The thrifty genotype theory suggests that genes derived from times of deprivation may result in adaptive processes that have adverse effects in times of plenty while the fetal origins of chronic disease hypothesis ascribes the epidemic, in part, to an adverse intrauterine environment. There is compelling evidence that small size at birth in full-term pregnancies is linked with the subsequent development of the major features of the metabolic syndrome, namely glucose intolerance, increased blood pressure, dyslipidemia, and increased mortality from cardiovascular disease.\[[@ref82]\] The resultant hyperinsulinemia has been associated with lots of the abnormalities or components associated with insulin resistance.\[[@ref58]\] Three mechanisms of insulin resistance as highlighted by Adediran *et al*.\[[@ref43]\] include an abnormal B-cell secretory product, circulating insulin antagonists, and target tissue defect in insulin action. The target tissues predominantly involved are the skeletal muscle, liver, and adipose tissue.

Insulin resistance is thought to affect about 25% of an apparently healthy population.\[[@ref12]\] Prevalence estimates of insulin resistance in the general population vary depending on the criteria used for its definition. The prevalence increases with worsening of glucose tolerance status, being about 60-75% in those with impaired glucose tolerance (IGT) and about 85% in those with type 2 diabetes.\[[@ref12]\] Ferrannini *et al*. using the euglycemic insulin clamp technique demonstrated a prevalence rate of 26% in 1146 normotensive, nondiabetic obese Caucasian subjects aged 18-85 years recruited from the database of the EGIR (European Group for the study of Insulin Resistance).\[[@ref83]\] Studies on insulin resistance in indigenous African populations are quite few. In south-western Nigeria, a prevalence of 35% was reported among 500 healthy elderly subjects.\[[@ref84]\] Among Ghanaians, Amoah *et al*.\[[@ref85]\] evaluated 200 randomly selected subjects who were urban residents with no previous history of hypertension or diabetes mellitus and reported that mean homeostasis model assessment for insulin resistance (HOMA-IR) index was significantly higher in 26.5% of the subjects who were found to be hypertensive.

Management of metabolic syndrome {#sec2-10}
--------------------------------

The successful management of metabolic syndrome hinges basically on lifestyle modification and pharmacological intervention. While attempts are ongoing in search for an approach that can simultaneously affect all the components, the current approach remains to treat each component as it becomes manifest. Since it is believed that a major driving force in Africa is epidemiologic transition, reverting back to African traditional lifestyles is a potential point of action to prevent the development of metabolic syndrome in Africans. This will involve paying attention to our local cardio-protective diets once again and improving on our level of physical activity structured into the activities of daily living of the individuals.\[[@ref86]--[@ref89]\] This however calls for plans to increase awareness among African subjects and for those already on treatment to adhere strictly to their medications.\[[@ref60][@ref62][@ref90]\] These actions constitute significant primary and secondary prevention strategies.

Pharmacologically, several classes of drugs which include antihypertensive agents, oral glucose lowering agents, insulin sensitizers, and lipid-lowering agents are available to treat metabolic syndrome. Due to the clustering of the components of the syndrome, an individual with full-blown syndrome is exposed to high pill burden and in turn increased cost. These can contribute to poor adherence or compliance. The earlier the components are addressed the better, however prevention still remains the watchword.
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